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www.pharmgkb.org … is	about
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2009/2010	(&2014)	Survey	of	pgen	“experts”	
(PGRN	and	ASCPT):	top	3	challenges	to	

implementing	pharmacogenetics	in	the	clinic
• 95%	of	respondents	selected:	“process	
required	to	translate	genetic	information	into	
clinical	actions”

• Next	2	responses
– Genotype	test	interpretation	(e.g.	using	genotype	
information	to	assign	phenotype)	

– Providing	recommendations	for	selecting	the	
drug/gene	pairs	to	implement		

Clin	Pharmacol	Ther.	2011	89:464-7.



• CPIC	guidelines	are	designed	to	help	clinicians	
understand	HOW	available	genetic	test	results	
should	be	used	to	optimize	drug	therapy.
– Not	WHETHER	tests	should	be	ordered.

• Key	Assumption:
– Clinical	high-throughput	and	pre-emptive	
genotyping	will	become	more	widespread.

– Clinicians	will	be	faced	with	having	patients’	
genotypes	available	even	if	they	did	not	order	test	
with	drug	in	mind.



Specific	Aims	for	CPIC
1. Create,	curate,	and	update	freely	available,	peer-

reviewed	CPIC	gene/drug	guidelines	
2. Enhance	access	to	and	input	into	guidelines	by	

external	groups	such	as	NIH’s	
Pharmacogenomics	PGRN,	NIH’s	Genomic	
Medicine	Working	group,	AHRQ’s	
www.guidelines.gov,	NIH’s	Genetic	Test	Registry,	
PubMed,	FDA,	ClinGen,	IOM’s	Genomic	
Medicine		roundtable,	professional	societies,	
and	EHR	vendors



• Posted	on	cpicpgx.org	and	capitalize	on	PharmGKB	
resources

• Freely	available,	no	limits	on	use
• Peer	reviewed,	CPT first	right	of	refusal	to	publish,	
standardized	format,	minimum	set	of	elements

• Grading	of	evidence	and	of	recommendations
• Can	be	updated	on	CPIC	website	ahead	of	publications
• Authorship,	COI	policy
• Closely	follow	IOM	practices

– Curr	Drug	Metab.	2014	Feb;15(2):209-17



Academic,	Hospital,	
Health	Care	Systems

Industry

2017 > 200 Members





Each	guideline	has	a	page	on	www.cpicpgx.org,	with	most	up-to-date	information



2011

• TPMT	– thiopurines

• CYP2C9,	VKORC1	– warfarin

2012

• CYP2D6	– codeine

• HLA-B	– abacavir

• SLCO1B1	– simvastatin

2013

• HLA-B – allopurinol

• CYP2D6,	CYP2C19 – TCAs

• HLA-B – carbamazepine

• DPYD -- 5FU	/	capecitabine

• TPMT	– thiopurines—UPDATE

• CYP2C19	– clopidogrel

• 2017

• CYP2D6 – tamoxifen

• RYR1– inhaled	anesthetics

• CYP2B6—efavirenz

• TPMT/NUDT15	– thiopurines	UPDATE

• HLA-B – carbamazepine—UPDATE

• DPYD -- 5FU	/	capecitabine--UPDATE

2014

• IL28B	-- PEG	interferon	α

• CFTR	-- Ivacaftor

• G6PD	-- Rasburicase

• CYP2C9,	HLA-B	-- Phenytoin

• CYP2D6	– codeine--UPDATE

• HLA-B	– abacavir--UPDATE

• SLCO1B1	– simvastatin--UPDATE

2015

• CYP3A5	– tacrolimus

• CYP2D6,	CYP2C19– SSRIs

• UGT1A1 – atazanavir

• HLA-B – allopurinol--UPDATE

2016

• CYP2C19 – voriconazole

• CYP2D6	– ondansetron

• CYP2C9,	VKORC1,	CYP4F2	– warfarin--UPDATE

• CYP2D6,	CYP2C19 – TCAs--UPDATE

22	guidelines
17	genes



Current	estimate:	17	genes,	~87	drugs	with	
pharmacogenetically-based	prescribing

Number of current and planned 
CPIC genes, drugs and 
anticipated guidelines.

Genes Drugs Anticipated 
number of 
unique 
guidelines

Strong or Moderate prescribing 
action-CPIC level A

17 40 22 (19 
published)

Optional prescribing actions-CPIC 
level B

4a 47 6

No prescribing actions-CPIC level 
C

16b 47 20

aall 4 genes are already CPIC level A. bseveral are already CPIC 
level A or B guidelines for other drugs.

Apr	2017



Each	CPIC	guideline	has	a	“Table	2”:	prescribing	
recommendations	based	on	genotype-assigned	

phenotype,	backed	up	by	evidence

Clinical	pharmacology	&	Therapeutics	|	VOLUME	94	NUMBER	3	|	
SEPTEMBER	2013



CPIC	provides	the	resources	to	get	
from	genotype	to	prescribing

g.94761900C>T	+	
g.94762706A>G

Functions	to	alleles	
(e.g.	CYP2C19*4B	=	no	

function)

Alleles	to	diplotypes
(e.g.	g.94761900CT	+	
g.94762706AG	=	
CYP2C19*1/*4B)

Diplotypes	to	
phenotypes

(e.g.	CYP2C19*1/*4B	=	
intermediate	
metabolizer)	

Interpretation	of	phenotypes
(e.g.	CYP2C19	intermediate	
metabolizer	=	altered	dosing	
recommendations	for	TCAs	

but	not	clopidogrel)

Phenotypes	to	
actionability

(e.g.	intermediate	
metabolizer	+	Rx	for	

amitriptyline	=	
interruptive	alert)





CPIC	tables	allow	translation	of	genetic	
test	results	to	actionability

Genotypes	to	alleles
(e.g.	g.94761900C>T	+	
g.94762706A>G	=	
CYP2C19*4B)

Functions	to	alleles	
(e.g.	CYP2C19*4B	=	no	

function)

Alleles	to	diplotypes
(e.g.	g.94761900CT	+	
g.94762706AG	=	
CYP2C19*1/*4B)

Diplotypes	to	
phenotypes

(e.g.	CYP2C19*1/*4B	=	
intermediate	
metabolizer)	

Interpretation	of	phenotypes
(e.g.	CYP2C19	intermediate	
metabolizer	=	altered	dosing	
recommendations	for	TCAs	

but	not	clopidogrel)

Phenotypes	to	
actionability

(e.g.	intermediate	
metabolizer	+	Rx	for	

amitriptyline	=	
interruptive	alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials



CPIC	Allele	definition	table:	define	variants	and	assign	function

facilitated	by	PharmGKB	annotations



CPIC	tables	allow	translation	of	genetic	
test	results	to	actionability

Genotypes	to	alleles
(e.g.	g.94761900C>T	+	
g.94762706A>G	=	
CYP2C19*4B)

Functions	to	alleles	
(e.g.	CYP2C19*4B	=	no	

function)

Alleles	to	diplotypes
(e.g.	g.94761900CT	+	
g.94762706AG	=	
CYP2C19*1/*4B)

Diplotypes	to	
phenotypes

(e.g.	CYP2C19*1/*4B	=	
intermediate	
metabolizer)	

Interpretation	of	phenotypes
(e.g.	CYP2C19	intermediate	
metabolizer	=	altered	dosing	
recommendations	for	TCAs	

but	not	clopidogrel)

Phenotypes	to	
actionability

(e.g.	intermediate	
metabolizer	+	Rx	for	

amitriptyline	=	
interruptive	alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials



Variants	must	be	phased	to	assign	
diplotypes	for	pharmacogenes

CPIC	Gene Prescribing different	for	Var/var	
than	var/wt?

TPMT Yes
CYP2C19 Yes
CYP2D6 Yes
DPYD Yes
CYP2C9 Yes
SLCO1B1 Yes
HLA-B No
VKORC1 Yes
IL28-B Yes
CFTR No
G6PD Yes
UGT1A1 Yes
CYP3A5 Yes



From	genotype	or	sequencing	data,	call	gene-
centric	haplotypes	and	diplotypes—not	just	
variants



PharmCAT

To	automate	the	annotation	of	.vcf	files	with	the	
appropriate	haplotypes	or	diplotypes	from	the	
CPIC	guideline	genes,	and	generate	a	report	with	
the	corresponding	CPIC	guideline	prescribing	

recommendations



CPIC	tables	allow	translation	of	genetic	
test	results	to	actionability

Genotypes	to	alleles
(e.g.	g.94761900C>T	+	
g.94762706A>G	=	
CYP2C19*4B)

Functions	to	alleles	
(e.g.	CYP2C19*4B	=	no	

function)

Alleles	to	diplotypes
(e.g.	g.94761900CT	+	
g.94762706AG	=	
CYP2C19*1/*4B)

Diplotypes	to	
phenotypes

(e.g.	CYP2C19*1/*4B	=	
intermediate	
metabolizer)	

Interpretation	of	phenotypes
(e.g.	CYP2C19	intermediate	
metabolizer	=	altered	dosing	
recommendations	for	TCAs	

but	not	clopidogrel)

Phenotypes	to	
actionability

(e.g.	intermediate	
metabolizer	+	Rx	for	

amitriptyline	=	
interruptive	alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials



CYP2C19	
diplotype/	
phenotype	

table

https://www.pharmgkb.org/page/cyp2c19RefMaterials



CPIC	tables	allow	translation	of	genetic	
test	results	to	actionability

Genotypes	to	alleles
(e.g.	g.94761900C>T	+	
g.94762706A>G	=	
CYP2C19*4B)

Functions	to	alleles	
(e.g.	CYP2C19*4B	=	no	

function)

Alleles	to	diplotypes
(e.g.	g.94761900CT	+	
g.94762706AG	=	
CYP2C19*1/*4B)

Diplotypes	to	
phenotypes

(e.g.	CYP2C19*1/*4B	=	
intermediate	
metabolizer)	

Interpretation	of	phenotypes
(e.g.	CYP2C19	intermediate	
metabolizer	=	altered	dosing	
recommendations	for	TCAs	

but	not	clopidogrel)

Phenotypes	to	
actionability

(e.g.	intermediate	
metabolizer	+	Rx	for	

amitriptyline	=	
interruptive	alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials







Recent	Guideline	Updates	to	cpicpgx.org

• Thiopurines	NUDT15
• Clopidogrel/CYP2C19	FDA	blackbox	update
• Warfarin---GIFT	Trial	Gage	et	al—27%	decrease	in	adverse	
events	and	death…updated	galleys



Specific	Aims
1. Create,	curate,	and	update	CPIC	gene/drug	

guidelines	
2. Enhance	access	to	and	input	into	guidelines	by	

external	groups	such	as	NIH’s	
Pharmacogenomics	PGRN,	NIH’s	Genomic	
Medicine	Working	group,	AHRQ’s	
www.guidelines.gov,	NIH’s	Genetic	Test	Registry,	
PubMed,	FDA,	ClinGen,	IOM’s	Genomic	
Medicine		roundtable,	professional	societies,	
and	EHR	vendors



CPIC	guidelines	linked	to	“Practice	
Guideline”	filter	on	PubMed



CPIC	is	cited	in	NIH’s	Genetic	Test	Registry	(GTR)	
for	clinical	pharmacogenetic	tests



Endorsed	by	professional	organizations

• ASHP:	American	Society	of	
Health	Systems	Pharmacists

• ASCPT:	American	Society	for	
Clinical	Pharmacology	and	
Therapeutics



Standardized	terms	for	results	are	
important	for	clinical	actionability



Pre-test	alerts	contain	prescribing	and	
testing	recommendations	based	on	the	

ABSENCE	of	a	test	result



Post-test	alerts	contain	prescribing	
recommendations	based	on	the	PRESENCE	of	a	

high	risk	test	result







Proficiency	testingProficiency	testing





ClinGen/ClinVar	relationships	with	CPIC	&	PharmGKB



Proposed	Classification	for	“Clinical	Significance”	of	
Pharmacogenomic	Variants











We are approaching implementation on 
2 fronts at St. Jude

St. Jude Children’s 
Research Hospital
PG4KDS Protocol

Long-term goal: preemptive 
pharmacogenetic testing as the 
standard of care… for everyone
All CPIC guidelines.
> 4000 pts, 7 genes, 21 drugs
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CDS	needed	for	Clinical	actionability	of	
genetic	test	results

• Interruptive	alerts	(active	CDS):
– Pre-test	situation:

• Check	for	genetic	test	and,	if	missing,	guide	prescriber	to	consider	ordering	the	test	
– Post-test	situation:

• Test	result	is	high-risk	and	advice	for	prescribing	alternatives	should	be	presented
• Test	result	is	low-risk	and	no	interruptive	alert	should	be	fired

• Interpretations	(passive	CDS)

But	genetic	test	names,	results,	phenotypes	
(problems,	diagnoses)	are	not	standardized,	making	it	
difficult	for	EHR	vendors	to	support	efforts	to	build	

CDS	based	on	genetic	tests	



Final	Standardized	Terms:	Allele	
function

Term/Gene	
Category

Final	Term Functional	Definition Example	
diplotypes/alleles

Allele	Functional	
Status-all	genes

Increased	Function Function	greater	than	normal	function CYP2C19*17

Normal	Function Fully	functional/wild-type CYP2C19*1
Decreased	Function Function	less	than	normal	function CYP2C19*9

No	Function Non-functional CYP2C19*2
Unknown	Function No	literature	describing	function	or	the	

allele	is	novel
CYP2C19*29

Uncertain	Function Literature	supporting	function	is	
conflicting	or	weak

CYP2C19*12

Caudle KE, et al. Genet Med. 2016;Jul 21 [Epub ahead of print]



Final	Standardized	Terms:	Phenotype	for	Drug	Metabolizing	Enzymes

Final	Term Functional	Definition Example	diplotypes/alleles Term/Gene	
Category

Ultra-rapid	
Metabolizer

Increased	enzyme	activity	
compared	to	rapid	metabolizers

Two	increased	function	alleles,	or	
more	than	2	normal	function	alleles

CYP2C19*17/*17

CYP2D6*1/*1XN

Rapid	Metabolizer Increased	enzyme	activity	
compared	to	normal	metabolizers	
but	less	than	ultra-rapid	
metabolizers

Combinations	of	normal	function	and		
increased	function	alleles

CYP2C19*1/*17

Normal	Metabolizer Fully	functional	enzyme	activity Combinations	of	normal	function	and	
decreased	function	alleles

CYP2C19*1/*1

Intermediate	
Metabolizer

Decreased	enzyme	activity	
(activity	between	normal	and	
poor	metabolizer)

Combinations	of	normal	function,	
decreased	function,	and/or	no	
function	alleles

CYP2C19*1/*2

Poor	Metabolizer Little	to	no	enzyme	activity Combination	of		no	function	alleles	
and/or	decreased	function	alleles

CYP2C19*2/*2

For example: CYP2C19, CYP2D6, CYP3A5, CYP2C9, TPMT, DPYD, UGT1A1

Caudle KE, et al. Genet Med. 2016;Jul 21 [Epub ahead of print]



Final	Standardized	Terms:	Phenotype	for	Drug	Transporters

Final	Term Functional	Definition Example	diplotypes/alleles Term/Gene	
Category

Increased	Function Increased	transporter	function	
compared	to	normal	function

One	or	more	increased	function	
alleles

SLCO1B1*1/*14

Normal	Function Fully	functional	transporter	
function

Combinations	of	normal	
function	and/or	decreased	
function	alleles

SLCO1B1*1/*1

Decreased	Function Decreased	transporter	function	
(function	between	normal	and	
poor	function)

Combinations	of	normal	
function,	decreased	function,	
and/or	no	function	alleles

SLCO1B1*1/*5

Poor	Function Little	to	no	transporter	function Combination	of		no	function	
alleles	and/or	decreased	
function	alleles

SLCO1B1*5/*5

For example: SLCO1B1

Caudle KE, et al. Genet Med. 2016;Jul 21 [Epub ahead of print]



Final	Standardized	Terms:	(HLA-genes)
Phenotype	for	High-Risk	Genotype	Status

Final	Term Functional	
Definition

Example	
diplotypes/alleles

Term/Gene	
Category

Positive Detection	of	high-risk	
allele

Homozygous	or	heterozygous	
for	high-risk	allele

HLA-B*15:02

Negative High	risk-allele	not	
detected

No	copies	of	high-risk	allele

For example: HLA-B*57:01

Caudle KE, et al. Genet Med. 2016;Jul 21 [Epub ahead of print]





How	many	gene/drug	pairs	should	be	
used	in	the	clinic?

• ~	1200	chemical	entities	
approved	as	drugs			

• ~	18,000	genes
• Actionable:	~	17	genes,	~	87	

drugs				(~	30	guidelines)
– http://www.pharmgkb.org/page/c

picGeneDrugPairs

Relling	&	Evans,	Nature,	2015


